both arterial structure and function, are altered in young adults who were born LGA.
Materials and Methods
Materials and Methods are available in the online-only Data Supplement.
Results

LGA, Adiposity, and Cardiovascular Risk Factors
At birth, those born LGA had greater length and body mass index (BMI; Table 1 ). The difference in BMI between those born LGA and those with normal birth weight was 1.8 kg/m 2 (SE 0.9) at birth, 0.8 kg/m 2 (SE 0.3) at study enrolment in 1980 (3-18 years old), and 1.3 kg/m 2 (SE 0.4) during adulthood. This translated to those born LGA having an increased odds of overweight (odds ratio, 1.58 [95% CI 1.06, 2.38]) and obesity (odds ratio, 2.05 [95% CI 1.22, 3 .44]; adjusted for age, sex, study center, and socioeconomic status) during adulthood. When data from across the entire birth weight spectrum were analyzed, there was a nonlinear association of birth weight as a continuous variable with BMI (P=0.03 for nonlinear association; results of birth weight categories presented in Figure  III in the online-only Data Supplement). When restricted to participants with birth weight >10th percentile, the association between birth weight and BMI was linear (P<0.0001 for linear association, P=0.88 for nonlinear association).
In addition to BMI, those born LGA also had greater waist circumference during adulthood (Table 1) , and increased odds of having a high risk waist circumference consistent with an increased risk of metabolic complications (odds ratio, 1.83 [95% CI 1.15, 2.91]) and substantially increased risk of metabolic complications (odds ratio, 2.04 [95% CI 1.27, 3.28]; adjusted for age, sex, study center, and socioeconomic status).
Despite having increased adiposity, those born LGA did not have altered lipids, blood pressure, glucose, or C-reactive protein as young adults (Table 1) .
LGA, Carotid IMT, and Brachial
Flow-Mediated Dilatation
Carotid IMT was greater in those born LGA, when compared with those born with normal birth weight (Table 1) , similar across adult BMI categories (Figure, Figure IV in the online-only Data Supplement), and independent of age, sex, study center, socioeconomic status, cardiovascular risk factors, and BMI during both adulthood and childhood ( participants with birth weight >10th percentile, the association of birth weight with carotid IMT remained nonlinear (P=0.02 for nonlinear association).
Brachial flow-mediated dilatation did not differ between those born LGA and those born with normal birth weight ( Table 1) . Adjustment for age, sex, smoking, study center, socioeconomic status, and brachial artery diameter did not change this result (LGA, β=0.1% [95% CI, −0.6 to 0.9] compared with normal birth weight). The association of birth weight as a continuous variable with brachial flow-mediated dilatation across the entire birth weight spectrum was linear (P=0.001 for linear association, P=0.50 for nonlinear association; results for birth weight categories presented in Figure  III in the online-only Data Supplement). When restricted to participants with birth weight >10th percentile, the association of birth weight with brachial flow-mediated dilatation remained linear (P=0.007 for linear association, P=0.18 for nonlinear association).
Discussion
In this article, we demonstrate that young adults who were born LGA are more likely to be overweight and obese, with increased waist circumference and greater arterial wall thickness. Furthermore, this association of LGA with arterial wall thickness was only modestly attenuated when accounting for established cardiovascular risk factors and body size in childhood and adulthood, suggesting that other mechanisms are involved. Indeed, both obesity and LGA were independently associated with subclinical atherosclerosis in a graded and additive fashion. The association of LGA with arterial wall thickness seemed to be of similar magnitude to that previously observed in those born small for gestational age, at the other end of the birth weight spectrum, and was equivalent to a difference of 25 mm Hg higher systolic blood pressure, 4.4 mmol/L higher low-density lipoprotein-cholesterol concentration, 3.5 mmol/L lower high-density lipoprotein-cholesterol, and 8.0 kg/m 2 higher BMI in the same cohort. 6 By definition, LGA occurs in ≈10% of all live births 18 and, in the context of our findings, identifies a group at risk of obesity and subclinical atherosclerosis in adulthood, with likely implications for later risk of cardiovascular disease.
Previous evidence linking LGA with later cardiovascular disease has mostly been inferred from the strengthening of the inverse association of birth weight with adult cardiovascular disease when those born LGA are excluded, 2 nonlinear associations of birth weight with later disease, 3 or nonsignificant increases in risk. 3, 4 For example, in a meta-analysis of the association of birth weight with adult ischemic heart disease, the inverse association of birth weight with adult coronary heart disease was strengthened after excluding those with birth weight >4 kg. 2 In women, but not men, born in Iceland, there was a significant nonlinear association between birth weight and adult coronary artery disease, although those with the highest birth weights (>4000 g) did not have significantly increased odds when compared with those with normal birth weight. 3 Among both males and females born in Hertfordshire, there was some evidence for a small increase in the risk of mortality from cardiovascular disease in those in the highest birth weight category, which the authors proposed may have been because of maternal diabetes mellitus, although the absolute number of events was low, and accordingly confidence limits were wide. 4 Our study provides important information regarding increases in carotid IMT, a measure of subclinical atherosclerosis, and marked increase in the prevalence of obesity, in those born LGA. Other cardiovascular risk factors were similar in those born LGA when compared with those born with normal birth weight. Two studies have previously documented evidence of increased arterial wall thickness in those born LGA. One small study found that aortic IMT is increased in newborns born LGA, although for those born LGA to nondiabetic mothers this seemed to reflect proportional differences in body size. 12 A separate study recently demonstrated a nonlinear association of birth weight with carotid intima-media thickness in childhood, with a significantly higher carotid intima-media thickness in those in the highest quintile of birth weight when compared with those in the middle quintile. 13 Two other studies in adults have documented evidence that is potentially consistent with LGA being associated with increased carotid IMT, although neither has directly studied this association.
10,11
Gale et al 10 found a direct association of birth weight with later IMT in males, but not in females, however did not detail LGA specifically. Oren et al also detailed birth weight as a continuous variable and found a positive association of birth weight with later IMT in those who had the lowest postnatal growth. Although we have previously documented that those with LGA actually have high absolute postnatal weight gain, 19 consistent with the increased BMI observed in our current study, Oren et al used change in percentiles to assess growth; a methodology that prohibits those with high birth weight from being defined as having increased growth.
Our findings extend these by demonstrating that the association of LGA with increased arterial IMT is independent of BMI and other cardiovascular risk factors during childhood and adulthood, and furthermore can coexist in a population in which small for gestational age is also associated with increased arterial IMT.
Earlier studies have identified LGA as a risk factor for the metabolic syndrome. 20, 21 In the present study, individuals with LGA had nonsignificantly increased odds for the metabolic syndrome (results not shown), but our study may have been underpowered to show a significant association.
In this hypothesis-driven analysis, we have specifically focused on a key structural measure of vascular health, carotid IMT, and a key measure of arterial function, brachial flow-mediated dilatation, as per our previous study in people born with fetal growth restriction. 6 Whether other markers of vascular health, such as coronary calcium score or measures of arterial stiffness, are altered in people born LGA may be the topic of future work. Although we were unable to identify the mechanisms involved in linking LGA with later subclinical atherosclerosis, we were able to identify risk factors that are unlikely to be involved, including established cardiovascular risk factors in childhood and adulthood. Genetic risk scores for fetal growth have previously been demonstrated to be associated with diabetic metabolism. 22 Whether a similar association exists for atherosclerotic vascular disease is unknown. Although the unweighted genetic risk score analyses in our study only cover a fraction of the heritability of the metabolic risk factors, our results are consistent with the association of LGA with carotid IMT being independent of any such putative association (See online-only Data Supplement).
The lack of an association of LGA with arterial endothelial function, and the persistence of the association of LGA with carotid IMT after adjusting for cardiovascular risk factors, may indicate that the arterial damage is either acting via novel pathways or is the result of an early insult. 23 Putative early life and parental risk factors that may be involved include maternal obesity, 24 macrosomia resulting from gestational diabetes mellitus, 12 and excessive weight gain during infancy. 19 A lack of data concerning these potential maternal and early life risk factors is a limitation of the current work. The association of maternal glycemia with LGA seems complex. Although the association of preexisting maternal diabetes mellitus and gestational diabetes mellitus with LGA is well described, there is also evidence of a U-shaped association between maternal glucose levels and risk of LGA. 25 One small study has previously demonstrated that gestational diabetes mellitus is associated with higher arterial intima-media thickness in the exposed newborn offspring, independent of birth weight 12 ; however, whether such arterial abnormalities persist into adulthood and predispose to increased cardiovascular risk is unknown. Other limitations of the study include the lack of data on maternal diet during pregnancy, and paternal preconception overweight and obesity. Strengths of the current work include the relatively large sample, early recruitment during childhood and adolescence, and the long duration of follow-up.
Future studies may look to identify strategies to prevent this association of LGA with poor vascular health. For example, we have recently demonstrated that dietary or supplemental omega-3 fatty acids are associated with improved vascular health in those born small for gestational age. 7, 26 This seems to be mediated at least in part by alterations to blood pressure, 26, 27 and as such is unlikely to be of benefit for those born LGA, in whom there were no blood pressure disturbances. Our results suggest that weight maintenance in childhood and adulthood, although valuable from the perspective of potentially reducing the impact of overweight and obesity, would not seem to be a likely strategy to specifically limit the impact of LGA. One alternative however is that maternal interventions may be possible in the subgroup of those born LGA who are identified before birth. 28 In conclusion, we have found that people born LGA have increased prevalence of obesity and central adiposity, and increased arterial wall thickness as young adults. These associations may contribute to an increased risk of cardiovascular disease in people born LGA. 
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